The origin of the water of the two Sidi Harazem springs (Morocco), was found to be different. Environmental parameters made it possible to recognise three types of water : one issuing from a "cool spring", with lowest temperature (mean : 26.7°C), conductivity and chloride concentration ; one issuing from the "hot spring" (mean : 31.7°C) with the highest temperature and high conductivity ; and the one of the oued itself with into which both springs flow. This oued had the highest values of pH, conductivity, chlorides, and calcium. The interstitial fauna collected by means of artificial substrates was composed of both epigean and stygobite species. Only the "cool spring" included stygobite species, the number of which generally decreased with depth. 
Introduction
The studies on the Moroccan stygobite fauna began in [1978] [1979] with the inventory of a first list of species collected from 59 wells distributed all over the Morocco (Magniez 1978 , Pesce et al. 1981 . Later, these were completed by other scientists in the Marrakech area (Boutin & Boulanouar 1984 , Boutin & Messouli 1988 , in Goulmina, Tiznit, and Essaouira areas (Boutin & Idbennacer 1984) , Fès area (Essafi et al. 1998) and in Eastern Morocco (Essafi-Chergui 1990) . These studies were carried out with the idea that the groundwater could be considered as the main resource for drinking water and that a good knowledge of the environment could allow its management and its protection (Gibert 1992 ).
Water quality of surface water, which influences that of groundwater and the reverse (Valett et al. 1990 ), can be evaluated by the study of its chemical and physical parameters, but also from the information given by those organisms that are sensitive to the changes in their environment. The sensitivity of these organisms to different pollutants changes from one species to another (review Gibert et al. 1995) . The pollution of the saturated zone of karstic areas by urban waste water might be indicated by low values in the number of stygobites compared to those of epigean species (Turquin & Crague 1994 , Malard et al. 1996a , and the enrichment of the groundwater by organic matter is demonstrated by a high density of aquatic invertebrates such as Oligochaeta, Ostracoda and Isopoda (Malard et al. 1996b , Plénet 1995 . (2) Springs are a natural source of groundwater and their physical and chemical composition depends on the various strata with which the water has been in contact, but also on the various chemicals that percolate into the groundwater (Webb et al. 1998 ).
Recent studies on springs have been undertaken in Morocco, in the Fès area, in sites characterized by water flowing from karstic springs and supplying the alluvial plains of oueds. The aim of these studies was to show the interface effects of these zones, especially on the changes in physical and chemical parameters and on the quantity and quality of the interstitial fauna. In a US hot spring, Lamberti & Resh (1983) showed that the thermal component of geothermal fluids had greater influence than the chemical component in determining benthic community features. Especially, a natural input of geothermal fluids which elevated both temperature and chemical levels doubled invertebrate density. In the same way, Glazier (1991) explained the benthic community structure of different springs (especially hot springs) by influence of water quality. The springs of Sidi Harazem were chosen here for their particular configuration. They are two springs, the water origins of which are different, one with a mean temperature of 26°C, the other with about 31°C. Their waters join about 70 m downstream from their outflow after having received some waste water from the oued (Fig. 2) . So it was interesting to observe ecological parameters and interstitial fauna changes in such a situation.
Material and methods

Study area
The observations were carried out in an area located 12 km south-east of the city of Fès. The thermomineral springs of Sidi Harazem are well known for their therapeutic properties (Combe 1975) .
The hydrogeological system is composed of about 50 m thick Lias limestone and dolomite (Ben Aabidate 1994) (Fig. 1 ). This limestone and dolomite is covered by Miocene sandstone and clay. The springs border a fault which is visible at Sidi Harazem. Five springs exist which are covered by a thick layer of travertin. (3)
PHYSICO-CHEMICAL AND FAUNAL STUDIES OF TWO THERMAL SPRTNGBROOKS
Two of them, and their springbrooks, have been selected for this study. The first, the "cool spring", is characterized by a temperature of about 27°C (25.6 to 28°C). A part of its water is used by the RADEFF Society to supply the Sidi Harazem area with drinking water. The second one, characterized by a temperature of about 31°C (28.6 to 33°C), is used by the thermal spa, and the SOTHERMA Society for its marketing.
These springs are distant by about 150 m. Eight stations chosen to place the artificial substrates ( Fig. 2) : SI, S2 and S3 on the "cool stream" downstream from the "cool spring", S4 in the stream polluted by the spa, S5 just after the confluence of this polluted stream with the "cool stream", S6 and S7 downstream from the "hot spring", and S8 downstream from the confluence of oued Sidi Harazem with the "hot stream".
Sampling of fauna
Artificial substrates allows to observe the changes of population components with depth and time in the sediment (Lavüle 1974 , Khalaf & Tachet 1977 , Mathieu & Essafi-Chergui 1990 . Each artificial substrate used inrthis study, as described by Mathieu et al. (1987) , consisted of a cylinder 10 cm in diameter and 50 cm long in which 8 mm holes had been drilled. Each cylinder was buried in the stream bed and contained five baskets one above the other, made of 6 mm metallic mesh (diameter : 10 cm ; height : 10 cm) (Mathieu & Essafi-Chergui 1990) . Each basket was filled with the local sediment, but before filling them, this sediment was carefully cleaned and dried in the laboratory, and thus initially free of animals. This sediment was poorly sorted and mainly composed of angular gravel, bet- 
ween 4 mm and 40 mm diameter, and fine sand (< 1 mm) which plugged up the space between the gravel.
The artificial substrates were exposed for one month, the estimated duration needed to obtain the equilibrium between organic matter supply and fauna in the substrate. (Khalaf & Tachet 1977 , Mathieu & Essafi-Chergui 1990 , Mathieu et al. 1987 . Each station was sampled approximately monthly and 13 collections occurred from 15 April 1998 to 9 May 1999.
In the laboratory, all the material from each basket was washed through a 160 |Lim mesh sieve. After removal of most sand and gravel, the animals were picked from the residue and preserved in 4 % formalin, and then, identified (the identification of Cladocera and insect larvae was difficult, mainly owing to the presence of early stages).
Physical and chemical analysis of water
The physical and chemical parameters of both surface water and ground water were measured. Water was taken in 500 ml bottles, directly in the stream for surface water, at 50 cm in the artificial substrates for ground water, when the lowest basket was removed. Temperature, pH, conductivity and dissolved oxygen were measured in situ, the other chemical parameters in the laboratory. Temperature and conductivity were measured with a Bioblock LF 318 conducty-thermometer, pH with a Bioblock WTW 320 pH meter, dissolved oxygen with a Bioblock OXI 320 JJP66 oximeter. The other chemical parameters (total hardness, calcium, chloride ions, and also parameters indicating pollution, such as sulphate, orthophosphate and nitrate) were determined following methods described in Rodier (1996) . Alkalinity (TAC) was measured by the titrimetric method using sulfuric acid (N/50) in presence of bromocresol green and methyl red. It is expressed as mg. For analysis between means, a t test was used.
Results
Physical and chemical parameters
Mean values
The different results are given in the Table 1 (means, ranges and standard deviations) and represented on Fig. 3 .
Except for disolved oxygen and nitrates from stations S4 and S5, the mean values did not differ between interstitial and superficial waters.
The temperature varied strongly between the stations : from about 26.7°C at stations SI, S2, S3, and S5, to 31.7°C at stations S6, S7 and S8. Intermediary values were obtained in the station S4 (27.3°C) and in the station S8 (31.2°C).
The pH values were near neutrality at stations SI, S2, and S3 (about 7.2) and higher in the other ones. The higher values were obtained in the station S4 (about 7.8).
The conductivity was high in the «hot spring» and in oued Sidi Harazem (1100 to 1500 (iS.cm" 1 ). In contrast, the «cool springbrook» showed lower values (about 820 fiS.cnr 1 ), which however indicated a relatively bad water quality (Brémond & Perrodon 1979) .
The oxygen values were low, especially in the ground water of stations S4 and S5, which created hypoxic conditions in the substratum (respectively 0.52 Sulphates, chlorides and orthophosphates showed the highest values at station S4, and the lowest at stations SI, S2 and S3.
In contrast, nitrate values were lowest at station S4 (less than 5 mg. I 1 ) and highest at stations SI, S2 and S3.
These results allow to charaterize three types of stations in this site and the relationships between the three types of water : stations 1, 2 and 3 ; stations 4 and 5 ; stations 6, 7 and 8 (Fig. 3) .
The water from the "cool stream" showed the lowest conductivity (about 800 uS.cnr 1 ) and the lowest chloride content (about 100 mg. I" 1 ).
The water of the "hot stream" showed the highest temperature (32°C) and a high conductivity (1150 uS.cnr 1 ).
The water of oued Sidi Harazem (station 4 and sometimes also 5 which is influenced by both the oued and the «cool spring») showed the highest values for pH (about 7.5), conductivity (1450 uS.cnr 1 ), alkalinity (302 mg. CaC03 l" 1 ), chlorides (260 mg.l 1 ), calcium (about 85 mg.l 1 ), and sulphates (35 mg.l' 1 ) but also the lowest values for magnesium (about 17 mg.l" 1 ).
On the basis of these results, it is possible to study the temporal changes of the parameters in the three types of stations. (Fig. 4) In all the stations, temperature increased from spring to summer and then decreased, especially for those least influenced by the springs, S4 and S5. The temperature of the spring water was less variable. Except in stations S4 and S5 (oued Sidi Harazem) there was no clear winter minimum.
Changes versus time
The reverse was observed for pH with the lowest values in spring. The values were less variable downstream from the "cool spring". Except in the first sampling (15/4/1998) a general tendancy to increasing was observed all along the study period.
Dissolved oxygen which did not change in stations S4 and S5, showed lower values in autumn (the high first values were not explained).
Conductivity was very stable downstream from the springs, but variable with an inversion of the values in summer and autumn for stations S4 and S5. To a certain extent, chlorides showed identical changes with, however, greater amplitude.
Total hardness showed the highest variations with the highest values during spring and the lowest values during summer and autumn.
Similar but slightly attenuated data were observed for calcium at stations S4 to S8. At station SI to S3, values were higher in spring 1998, then decreased and remained stable.
The values for sulfates were highly variable especially in the stations S4 and S5. The higher value was observed in winter at station S4.
The values for nitrates were also highly variable at stations SI to S3 and S6 to S8. They were relatively stable at stations S4 and S5.
Except for S4 which showed variable values at the beginning of the observations, the orthophosphates, not shown in Fig. 4 , remained at a low level (between 0.01 and 0.4 mg.l" 1 at stations S4 and S5, and 0.01 and 0.2 at other stations).
Except for stations S4 and S5 which appeared slightly variable (about 300 mg. CaC03 l 1 ), the values for alkalinity were quite stable with a very light decrease in winter 1999 (not shown in Fig. 4 ). (Table 2) The interstitial fauna of this study was composed of both epigean and hypogean (stygobite) species, and as for physical and chemical parameters it is possible to distinguish three types of stations. Aquatic Oligochaeta, and the epigean Mollusca Melanopsis praemorsa were the most abundant organisms, especially at stations S4 and S5.
Faunal characteristics
With 8 species the springbrook "cool stream" stations SI to S3 were the richest in stygobite species (2 Gastropoda, 1 Amphipoda and 2 Isopoda). Stations S4 and S5 were characterized by numerous polysaprobiontic species which are usually present in polluted waters. The downstream "hot stream" stations S6 to S8 were the most diversified, but with only 1 stygobite species (one Syncarida in station S6 : Paraiberobathynella maghrebensis Camacho & Serban, 1998) . The other species were those of well oxygenated water.
The distribution within the sediment of stations SI, S2 and S3 was characterized by an increasing number of the stygobite Microcharon and Typhlocirolana sp. with depth (Fig. 5) , the stygobite Pseudoniphargus sp. was distributed regularly with depth and the epigean Number of taxa 6 10 7 5 6 10 10 9 Number of stygobite species ( species showed a decreasing number with depth. An increasing number of Ostracoda and Cyclopoida with depth was observed at stations S6 and S7.
Discussion and conclusion
The goal of this study was to analyse the relationships between ecological parameters (such as physical and chemical characteristics of water, depth within the sediment), and interstitial community in the complex hydrological system of the Sidi Harazem springs by using artificial substrates buried within the sediment.
The characteristics of the physical and chemical parameters of the water of the sprinbrooks and their changes varied with the location where the measures were taken, and their differences might simply be due to the fact that their groundwater originated from a general aquifer flowing in various types of sediment and/or meeting thermal water. The water collected from the bottom of the wells was perhaps not pure groundwater, as it had been stirred during the removal of the baskets. It may have been a mixture of surface and ground water (Naamane et al. 2000) .
Since the values of Ca concentration were the same, which proves that the water of all the stations flowed through the same calcareous or dolomitic rocks (Combe 1975) , the water of stations S6 and S7 issuing from the "hot spring", with high chloride concentrations which induce a high conductivity, certainly flows through saline or rests in contact with marly rocks. The influence of this "hot spring" was especially obvious downstream from the station S5. Thus, temperature, conductivity, sulphates and nitrates acted on station S8 by' increasing their values when compared to stations S4 and S8 of the oued. The very low values of groundwater dissolved oxygen at station 5 certainly depends (12) on the small distance which separates it from polluted station S4. This parameter was easily restored under the influence of the «hot spring» and well oxygenated water. The low values of nitrates at stations S4 and S5 are certainly due to the relative lack of oxygen. Nevertheless, at station S4 appeared to be the most different from the others and more polluted by sulphates, chlorides, and orthophosphates. The water of station S5, very near downstream and directly influenced by it, was rapidly restored by the water of the "cool spring brook".
The values of these environmental parameters are either the same as or different from those obtained by Essafi et al. (1993 Essafi et al. ( , 1998 in oued Zeghzel and in the artesian wells of the Fès area. Except for stations S4 and S5 which are under direct influence of the oued and its fluctuations, the temperature appeared to be stable versus time i.e. buffered by the subterranean milieu. The pH values are very comparable with those of previous studies, either in France or in Morocco (Essafi-Chergui 1990, Essafi et al. 1993 Essafi et al. , 1998 , and this relative neutrality is characteristic of water flowing in limestone areas. The conductivity which appeared higher than that obtained by Essafi et al. (1993 Essafi et al. ( , 1998 in classical Moroccan waters, seems to be characteristic of hot spring water (Glazier 1991) . These high values, certainly due to those of chlorides, are however within the standards of drinking water (< 250 mg/1 : Brémond & Perrodon 1979).
The number of taxa in the sediment of this site was not very high (20 taxa), and appeared identical for the "hot" (12 taxa) and the "cool (11 taxa)" springbrooks, but the species were not exactly the same. Moreover, few insect taxa were found. The number of taxa of stations S4 and S5 was especially low (respectively 5 and 6 taxa). These were predators, scrapers and collectors. The other stations were more diversified, and it seems that stygobite species only present in the cool brook gave more information on water quality than epigean species. Hayford & Herrmann (1998) and Lamberti & Resh (1983) demonstrated that temperature affects macroand micro-invertebrate distribution more than chemical composition in hot springs that do not reach chemical extremes. Such a model of faunal distribution applies to this study, which did not show chemical extremes, and where more taxa were found in the "hot" than in the "cool springbrook". but presented stygobite species quite only in the sediment of the "cool spring" and its springbrook. Moreover, stygobite species occurred only in the sediment of the "cool spring" and its springbrook, i.e. stations SI to S3. The presence of the stygobite Paraiberobathynella maghrebensis (Camacho & Serban 1998) at station S6 may be explained as this species may be thermophilic. Thermophiles are those species commonly found in thermal springs but they are not limited to them (Hayford & Herrmann 1998) . Such is the case of the Ostracoda Stenocypris sp. (Petkovski & Meisch 1996) found at stations S6 to S8. Glazier (1991) explained why non-insect taxa are prevalent in springs. This author argued that the physical stability, especially the thermal constancy and the absence or rarity of defaunating spates or droughts in permanent springs, may favour non-emergent lifestyles, but also that these taxa are dependent on water pH and alkalinity, the proportion of non-insect invertebrate orders in spring water increasing significantly with rising pH and alkalinity. Such a hypothesis could be adapted to the interstitial fauna of the present study and could explain the rarity of insect taxa (especially of the Trichoptera which are generally numerous in springs : Robert 1998 , Cianficconi et al. 1998 and their low abundance compared to those of non-insect taxa (Gastropoda, Crustacea). The high values of alkalinity (> 250 mg.l" 1 ) may partly explain the rarity of insects and the relative abundance of other invertebrates.
Stygobite taxa generally appear more numerous in deep zones of the sediment while the distribution of ubiquist taxa such as Niphargus or Pseudoniphargus appears more homogenous within the same sediments (Dole 1985 , Dole & Chessel 1986 , Dole-Olivier & Marmonier 1992 . The vertical distribution of fauna of this study shows a general increase in abundance with depth. This is especially clear with stygobite crustacean Isopoda (Typhlocirolana and Microcharon). This distribution could be related to a greater thermical stability and/or less organic mater with depth as demonstrated by Naamane et al. (2000) at the same site. In contrast, the Amphipoda Pseudoniphargus, which is certainly more ubiquistic, seems to be more regularly distributed. Nevertheless, this last observation does not agree with previous moroccan studies in which Pseudoniphargus numbers generally decreased with depth (Essafi 1997 (Essafi , 1999 ).
In conclusion, among the 8 stations of this study, stations S4 and S 5 clearly differed from the other six by the low water quality and a consecutive relative weakness of the interstitial fauna characterized by the lack of stygobites species. Moreover, as the water temperature downstream from the springs does not induce very large differences in water quality, the faunal characteristics could be interpreted as dependent upon the temperature of the springs, i.e. on the characteristics of the water origin. Therefore, this work brings new data concerning environmental parameters and also the structure of interstitial communities in an area supplied by both hot and "normal" water.
